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(54) «Ptett**l5RW£ 



(57) CSSKJ] 



(2) ^2 0 0 1 -5 1 50 1 8 

[W*#6] r h oSSia#SiJ^ r h o , r a c > S-^c d c 4 2 @# 

[m^^7] &#jM* s * C. botulinum C3i+V»|^4 

1-5 co#tt^— oco^c^)^-^ 0 
[W^^ 8 ] 7C. botul inum C2/C3 

im&m i i ] A#jWM»i*jH«)a«*4»tfc«i*« 1 - 5 xt* 8 

[m#.y% 13] C. botulinum C3 * V »S *£"tf Bfcfc* 1 
2 c7)*a^;%o 



(3) ^£12 0 0 1 -5 1 5 0 1 8 

1 4 <7>^!^o 

17] +^7C2/C3 C. botulinu m i+vB*i 

[»##2 0] r h olfi^r a c 1 1 9 V^teo 



(4) mm.2. 0 0 1 -5 1 50 1 8 

[0001] 

*mmi± i 9 9 7#8^i3B K&ffiz fifzxm&frmmm 6 0/055, 2 

[0 0 0 2] 
[0 0 0 3] 

[ 0 0 0 4 ] 

JEitMi. «f^»4Ll*ofcMm^o (Lacunar) 6f 



(5) *53I2 0 0 1 - 5 1 50 1 8 

<t, (pns) w^-r* ii** ^ *t 

T^i, g&ltattjWffi K<nmm UCNS ffi*&^<7>S«fi CNS «**<5Ms# 
I^ILTStt^ £ i «t £IEIJJf LTi/^ (David^Aguayo, 19 

8 1 m o 

[0 0 0 5] 

^ < o^C N S 5 x 'J >S*S^BW s Hf.? *tt^So 3 5kDa (N I 
-35) Sr/2 0 5 kDa <*>l£,K14fclHlii Lrt: S D S - P A G Ef^) 'J *'V - A 
iztt-rzwmmn&ftmi&Ztltz (C a r o n i XtfS c h w a b, 1988 

0 N I - 3 5 »itt*0Dffl»5ft«:«l*!IL, J&ft n - >i£flfe£!i$fc-r & (i dS^ 
Bandt 1 o wl, 1 9 9 3^) , N I - 3 5 KM^T Zffimt&n%Vim.ffi.<D 

<vmm&£.*iS:m-r2> (schnei 1994 #) 0 ^nm^mmmmm 

m^<DV&%WB. (ensheathi n g) mm<D&mii. #5fr> JMMflHWM 

fft^W^^^jS-T* (Liffis 1 9 9 7^ ; Ima i zumii, 1 9 9 8^; 
Mukhopadhyayt, 1 9 9 4f) 0 
[0 0 0 61 

(MAG ;Mukhopadhyayffi> 1 9 9 4#;Mcker racher 

1 9 9 4#) K J: oT&&flJg$^h? *LT</>&o W >e-**Kjo>/>T, MA 
Gfi, «*ffftW5i'J>«HWK*4tSXIif ^4v^«bLft«rv> (Bar 
t s htt, 1 9 9 5^; Sch'a f eri, 1 9 9 6 ^) , U, m^BiM 1 ®)^ 

, *tt*«*i»w^«5a ^«fe«5 cns wmmmommfr h <vmm mm. & 

:H?tU. )1§4(?)#M(I&^A(?)CNS U'J >3?^<?>v-f * nf&flK 
IW^**ja<*>-r , '-*ttl£ACNS U'J >f*)T*0^< ?>^W5(?#ft*tt«LT 
(D a v i site, 1 9 9 7 ^) o ^S^Sfe * *> ^> A/Ml* 



(6) ftWk2 0 0 1 -5 1 5 0 1 8 

#x. £>*LT^& (Strittmatter, 1 9 9 5^ ; S t r i t traa t 
ter. 1 9 9 61) o 
[0 0 0 7] 

-y-y Y tztbK, *n^3fB £^ Ltv^ (Strittmatte 

r, 1 9 9 5) o *fflia^-CCO->^^^f±, XDTf^-y&ttfflfe-Wfe-? 

[0 0 0 8] 

-b 7 * 'J > (semapghor in) /n^^V (col laps i 
n) Jg<7>* >/^5S^ *li^fefiS;S.O f ^^>#4t^il!£^*^'5r 1 ^><Dm±<DV 
5- t LT|S£>k*LT^& (L u o#, 1 9 9 3^ ; K o 1 o d k i n 
fife, 1992, 1 9 9 3*) o Ki~zi?7'i/>- 1 (chick collap 
b i n-1) tt, il3->i^LT^*< t i>DRGMmfflfl&<Dfflfr%k&fr 
bi±n&$ifecDi£g:<?)rpMZm^-t2> (Rape rSl^K a p f h amm e r . 
1 9 9 0^ ;Luol, 1 9 9 3*) o IA^v y * 'J > (insect se 
m a p h o r i n) temm<nM&tkm (pathfinding) H.Zftt&&)m 
(synaptic terminal branching) W l-fllE 
£*l£-f > tf-#T?cotS:i!)*^-r* (Ko 1 odk i nf> 1 9 9 2* ; M a t 
t h e sffi, 1995 *) o 'P* < t 7 ^><V^mW]%> -fe"V 7 * 'J >*) s |W)5e£*L 
Ti3 V) > 2 0 fUlS?^ Z.<r>y r ^ l ) -<^#M^^-i>^ ! b^ntt'5:V> ( P u s c h e 1 
ffi, 1995*;Adamsfl6, 1 9 9 6*) , 377"y>-l OjgfflflfcT * 
^7^7^ h<*)«4?* s it#3*lTV»* (Fant> 1993*) o h 9 

[0 0 0 9] 

^#i&*fflJ!&K;fc^T> r h o r a sMlGTP^^^/^S 



(7) #^2 001-515018 

T?T>mmm,^feJku ! mmi&viKmm*m%k*G-r2> (Hai u 19 

9 0, 1 9 9 4 ^) o «*t^«IJI6t45V»T % r h o mi*Mfc \± mWfcWOk V s M 
&mm (focal adhesion) K'J^ UT*3 *) , r a c 1 

>?y V> f (membrane ruff 1 ing) , LT c d 
c 4 2f&'&<ffctt, ^t/t-KJE (filopodial) ^JfcfcV > ^ Ltv»* (N 
o b e s&O'H a 1 U 1 9 9 5^), — ocdt ^ y *SJft*«i *i h<D 9 

■^l^-Frho (C. botulinum ADP — ribosylates 

r h o) ^t,wc3Si®giiG^ >^?n*&mmt-r*>o 

[0010] 

(LP A) IliAfo h 'J yi/ G? >/^H*f£d§## (h e t 
erotrimeric G protein — couple d recep 
tor) K^Ltz yv>¥>ltmtm%:nmm&<Dl(2.M*m&-?Z> (Jal in 
kSMo olenaar, 1 9 9 2^; J a 1 i n ki, 1994 #) 0 

**y v *xwfrt>v>c 3n^mmit r h omt^b^ s -tt^<7)«ajia^43it*«^ 

fe*<75L P Al^^a a >*f$LiL-$^Z> £ £ L**^ L P AcO^/B££& 

i fc^S ftT^S (Ja I i nkl, 1 9 9 4 f) 0 ffrl^-ffc? fife r h o 

Ti3«5 (Kimuratffe, 1 9 9 6#) U-»L« + t-*i*M, K T 5 
9 2 6 tiL P AW£ittmm&Um*mf& (Jal i nki, 1 9 9 4*) o 
[001 1 ] 

#^S^j|BfeS<7)^^^l/-->3 yicfctf* r h odl^/hG 9 (r h o 

— related small G protein) ftfcZxVM.Zt&fi&BQi&Z. 

Sf^^^^UTv^o r a c 1 gEte&EFJ: VJsK^c d c 4 2mi$^G9^ 

ttli, ^■^^*5it^^<^Mfl&^^<7)fili^#g^^tt^^^^ i i>^<bT (L 
u oflk 1 9 9 4*) o /hFac7>7 p ;w^-^*iB&4'<off figKj^fe'ffir a c 1 



(8) $p3S2 001-515018 

-r*T^^*«»Bttt«flK*Jt*Seift«r*L*: (LuoHfe, 1 9 9 6#)o 
[0012] 

fi, m&tff?Z>p-e$>2>o Z.ZKn&2ihX\,*2>ffiftiZj$\,*X, GPTfi^rho 
9 > * ? M &<v ft* «t * # R»f^ ffl fc* * 3 *t * £ j& ffi 3 *Lfc (J 
i n&O'S trittmatter, 1 9 9 7 « ffii^*^i3^2>«l^B£S 
i:o^>t©CNS ^i'J >*5jqi1W3&*Mt r h o * SoSflfMK J: o TSfetf 

[0013] 
^?>^#) 

i ft £ COJ5L &m?> S ft fi^^ H «t o T jtfifc 3 0 
[0014] 

#^5! it r h o , rac^ c d c 4 2 V ts fcf 9 - Xli CI ft. h <0\<*-ftlfr<VM 

&%o<r>m%'j?*< t ii loor h o yte^-fotatsitcs^ 

[0015] 

r h o >ls tf ^-«r-g-^ri"*saim^!fe«rJi'»-r«>o Xf±. r h 

[0016] 



(9) ^2 0 0 1 -5 1 5 0 1 8 

W 1 f±=r 7 1 -m$tm&=i->m.&i.&KT 5 9 2 e&^PTXlCfco 

T««^*L#*ifc«:IH»-rai»tR^97t?**o (A) $i5e<7) 2 B^MfitK KT 
5 9 2 6 CDfg^»J^t±D R G^**7'^> big^^i'M*- h fifz a KT 5 9 2 6 
©ill^77^^ - 5 i:J:oT3 7y->>^4tBtflI^v'7 h Lfc,, K 
T 5 9 2 6 li3 5/->^- 1 ^NF^T-CJ^fin- >to^T^#^?)£^o 
£o 4 - 6 <0'HS!J^)^lt^^^)W^$ ti2> 0 (B) f '^DRGx^^^y 
> hig^Sr 5 0 0 n g/m I HQf*o h ^ ~> > OQj^ftnXtf 5 0 0 n g/m 1 <0 

fc£tf>o 7t & tf^to f)f, IB !St# n h * -> > it 2 0 0 pM377 p >'/' - 1 "C 
^^3->n^7'^$r^b<JiiJPL7t: (p<0. 0 5 x f- j. - 7*> J» co h >7 - T 
^^Ktx^h) o S EMCiS 5 '3<D%?&.<DW-%i$:Mfflr\-tz< > 
[0017] 

HI 2 fi r ho-9-7*-7T5 'J - * >^?Tit <b*L*:D R G — - n > cf^Jjfcg 
3- > 3 5 ^^.^.C/W^j^^^i-o (A) St#<&fci&fcfflV>jfc*>/"«*i|jMli 
S D S - P A G EK X iXWf £>*i, coomass i e 7 ^--Cife&2titc 0 
4 5 , 3 6 , 2 51^21 kDa M r i*^il±fill:*?^ 0 (B) 
DRG-^.-n>£r ho77? 'J-^>/^^)5mg/m 1 3 h ? > X 

7x5-^0. 1 m g/m 1 T3rSE(?)?>^-ettof:o i£;»4H#M?£, 
1^-^3777^ 2 0 0 pM3 7 7->>-H i s«i:2 O^ffi? h LX (0cfe 

A7 7 7--*»ii&tf l<*4* (p<o. 05, h<o h y - 

H)VKtf^M o (C) DRG-^-n>^B»r5g60^>/N°^T^^U, B T 
SB« bfc HP 05> -f*s y - 1 K S <b Lfco 7^f>S-TR ITC-770-fy 

(D) DRG — i-n^^-rho^r^'J-^ co 5 m g/m I RVC 3 h 



(10) 1$i?2 0 0 1 -5 1 50 1 8 

<7^*y ^?-lf<nQ . 1 mg/m 1 TfrgiO^^/^TS^L^o Jg*£2B#KI 
-jL-av«:3e,fc3ii*M0 Xli2 0 0 pM (Hfe'*-) K$ 

£>Ls ^LT^cv>-C-«BJia^ri:tc^^:#jg|^feig=Sr^SL7t (Goshima 
1 9 9 5). T , -^t±3-93!l^<??^t'ov^T 2 F^+SEM-eab*o M.£P 
LL^IIi^-(?)*ftT^9 7r-*«MHI&i:*L<ft** (p< 0. 

[0 0 18] 

12 3 f±j£:K=r- 9 T'v'V- 1 K jstf & r a c 1 ^j^-To DRG- 

^37^5:37/y^-H i s.CHL^Ii* h £ 2 <7)$P < 

L?to 7*- ^f± 2 - 4 coSil^^^Sl^ov^T^^H- S EM-C*o^io (A) Nl 
7 r a c * >vt ^<oa-»OjftJ^-C)*#^CDB£S=r->'=i-7 7'^ ; Sr 2 0 0 pMn 7 
y-^KS £ LT (O) (•) -C^jEL^Co (B ) DRG-i 

-n 0 Xf± 2 . 5 m g/m 1 ?>N 1 7 r a c RU*lfc<VMi&ffi\%.G 9 >s**<D 
OXit 5 m g/m 1 Ltz 0 B J±N 1 7 r a c > C (4N 17rac+V14 

rho. Dlil7rac+V12rac, S-CfE fiN 17rac+V12cdc 
4 2,* LTAIlA'7 "7 r -T&<&o ffift3->37-/X$: 2 0 0 pM37^> 
V- KD&ft&T (Hfr^-) Xtt#*ET (JK^<-) ^-Ctfe^L^o V 1 2 r 
a c7ii s =r^7'->>|f^«3->a'7-7*^<7)N 1 7 r a c iaHF*gB4frfi«jfcflMK-*- 
iifcfcSi*-*-'* (C) ;t?7r- (•) , AlritWUfSttftV 1 2 r 

ac (O) XliffttNl 7 r ac (♦) K Jfcfta - > a 9 

[0019] 

H4I1DR G-a-nVfCo^TC 3 h 9 >X7i7-*'^t„ DRG-a 
-a y*m2 Hf53RL^$P<®f#LJ^*L^o r- * f± 2 - 4 «>JBU>*«>*»*fco 
^T¥^+SEMf*io (A) C3 h7>^7x7-fWi^iJti s DRG 
^-n ^(^SE^SraUT^L^o 2 0 0 pM377"-»- 1 W^STSO 5 ^ 
^T-r^J&n->^9-/^?ria2tc^fti$p<^5gL^: 0 (B) ;t?7r-i: 
«t**#^> 4//g/mlC3F7>^7x7-e, 5 m g/m 1 Vl4rh 



(11) 1$SI2 0 0 1 -5 1 5 0 1 8 

O, X&M9 >^9, ^.jl-D 0 (Hfe'*-) Xti 2 0 0 pM (@#/*-) 
i Sei:?H> f LTSlog3->3 7^Sr5elLfco B (B 
&i/C) KIS^X, AI±A777-T*^ BliC3t*»), CliVHrho 
-C* DliC3+V14rho X~$> V) , EliC3 + V12rac »9 , -e L 
TEfiC 3 +V 1 2 c d c 4 2 fi^o (C) B KisJt < £ tltzfmmz 
tCWittg^fi^ 2 0 0 pM3 7^-»-H i s«^2jh£T (J^-fe/N' 
-) X(i#NF#T -^^L^a^^jgL^o 
[0 0 2 0] 

|H5fiC 3<Oh7>^7 i 7--tf<O^^^N 17racC X oT^n y ^ £ ft. 

DRG-a-u>^A77r-, 5 m g/m 1 ON 1 7 r a c , 0. lmg/ 
m 1 c7>C 3 h 7 >^ 7 x 5 - ifXIil^ >/^T"f # L/to f- 9 \* 3 
0*l£Kov>TcWiSj+ S EM-e&ofco (A) - a - n > £ 4 3#MJg^L, %z 
v^-e^S=r- > 3 2 0#W2 0 0 P M377*-»-H i s«i:S?)L 

(0cfe;<-) Xt±S hTZ < (@#^-) *fcj£Ljfc 0 (B) m&<Z>?>'*9 
T«» Lfe - a - n > ff)fflJi&t:o l¥^#i^4g*Jg^4 ^Mt^^ie 

[0 0 2 1 ] 

[2 6 {±5 V >Xli L P AK«fc 4SI3->377'X^N 17racCioT 
y ? £ ftfcud i: £^i- 0 D R G - a - n > SrlSlKisft < ffifccn9 Vs* 
Lfco f-^l^^^^iCo^TW^+SEM^So (A) 
-i-n>£4l»#W*#^L> * LT««3->3?^^tjf 7 7 - 

-) > xhcns5x'j >mtam (5 ^ g * >^*/m 1 , 1:30* 

MHL^tCtSLfco (B) Jg*2B*M«U -a-a>*?e>K2WHWCN 
S5x'J >f4m^<7) 0 * V/N*^/m 1 (@#^-) X»± 5 fi g * ^^/m 1 
(JK-fe^*-) K$<bLfco «HJi&^o§2|z^^Se^fi^4^H?^^*feL^o 
(C) -i-o>S:4l^M*ef*L, ^U^f3-^37^^777- (H 
XfiLPA (l^M, U3 0MSf)Lfc»i:ttSlLfc. 

[0 0 2 2] 



(12) #^2 0 0 1 -5 1 50 1 8 

13 7 fiD R Gj£ga- y%kf&<D r h o/r a c (cov^TO^^JVB-eiio D 
RG*ft3->Kov>TOSo©tt»A«3Bl*Wcn*, **£^jfe«<6\ r ho 
fBI&f&KlR&tf r a c l^tt(aoT^7X^t?tL4o 
[0 0 2 3] 

E8ii^^-EGEPtii:c 3 mmmm<D$m<Dtz*><D±&-g%>kmm-f 

^ -y^-vr^r?- K?tLTv>& 0 a-Jf y 9tHM^^R OM*JkE?!l4»<DC 3 JBJ& 
r a c 1 3£$S<7)3- KSEyiJfi'J #v - AfiAgPtSCF* 2 a if * 

[0 0 2 4] 

HI 9 it r a c 1 ^^#<7> T <f A'* ? h-e&& 0 

COS- 7tt$r»4I racl > V12racl (V- > 2 ) , 

N17racl (U->3) Xfi^r a c 1 9 > ^9 1 4) *$km-fZ> 

WSkTTJ^-i H^xmZkZ&tzo !i^2 4I^MO»5'*flir ac 1 

[0 0 2 5] 

in i o i±c 3fflm9imm<nT7 T ; v 4 frxKm-rz>&m.>kx<~$-o cos-71 

[0 0 2 6] 

SI 1I±C3 $rMt JttTT'y f ^ 5 x'J >SSl3£lfi 

t^-JltttSit^to D RG-a-0>^C 3/GF Pf|*?t, #c 



(13) #312 001-515018 

[0 0 2 7] 

HI 2li7 7 h^flS&f^^C 3»7f; •> -i )l<Xfr(b<DmJL*7F-to C 
3/EGF P7f; ^ 8il^^-<7)9 h^MIt:ftAL^o 3&Hf& 

[0 0 2 8] 

fimuTti &ic&?< ^ti^o 

J:o-c«i**«ii^:$*tjaojsfeft*«iSja$ii*o I" r h o * B&#»JJ HH: 
t»^t4 r h o >/^*|I6*4o^T©I1«J, «Hft#, *>/<*X 

tfr m M <r> ffl cd W # 1 1 ^ ffl -c & o 

XJijifeo^fflia^^o^n^ ; kt, ffljrtrt, xte&t*] 



(14) <&m2 0 0 1 -5 1 5 0 1 8 

[0 0 2 9] 
[0 0 3 0] 

t K£^Tm#Kj$mrtK«AS*t*o m&x-Try <> J ^Jx.tf. CN 

S +-?fM6&£ *Ltz$L&^mfrti&K <fc o -C&^ra;*.H&# M ^t-C*1.*»te^?>~ 
a.-n>3£^cfalt&7ta6&::*iJfflS:ft''C^& (Ch i o-Lumdbe rgtife. 

1997) o r^y -rail-} ^ ji/^fi^^^^ftv^-r^^ftM^^ 
c 3 > ^ e*-^^ \±nw&mM*m^xtfv u^xic 2#^t>j£^ 

* (Bart hm, 1 9 9 8) o T^V?S"l*fefiC 2 <q|&* £ *L, C 3 g 

mmte&W&imtZo iOC 3^ 9*>-/"?^iC 3^-^^tt^^J: 19 

<aio o-^^w^^-^-nvifflji&^-r^cit^s^tLTv^o 

[0 0 3 1 ] 

mm&km z&m-t a tz #> k &g % >r > * e * - <£>« t± * n. s ^@ & 3 



(15) »S2 00 1 -5 1 5 0 1 8 

&®xttmmi±m<vm<*., mm, x«?ittv^ 

ioTgtgf Sti*:IE«£:3> ho-jK MA. J* C sKy J* C 3^ 

[0 0 3 2] 
[0 0 3 3] 

njfetfi i 

mm*m:&-r&o ±t lt, 35^>-i/tv*'j>i ii (d) fi-^.- 
$ft^^S*l?l$i-So - > ^ 7 *i$t ? ^->WL&-& tm&z *iz>v>x-, 

rhot7 , 7T^ l J -cD/hS £ G T P $-37 :/v > - 1 

l&'gmXKtert&*:<Dm^*'ffi$L tfco iBlfcx r h o > r a c 1 S^c d c 4 2 
^W^S-K^-y^DRG-^-ov^Klg^LTto Ht&MKf&'&S: r aclli 
iiiL)t:W3->«i^i|i)Dt4, fLTSMAY^r ac llin^T' 



(16) mWk2 0 0 1 -5 1 5 0 1 8 

-fx a c l-C«ka?^DRGIi5x>J >gHStg3->35^ 
K«3MSre**o c d c 4 2 <nmU$£mmi=>- >m&, ttg*fe#*Xli3 7 

ZMWcTZo C 3 -«ki^53- } ) #zST)\<XZfi)-7 , >yaib/uZ' 

Xii-£< ffi«L^v^L> 37^-»- l&o^x."; >i;^tTt)f *Hc^§e<j-e 
£*tfc«>7*- ^{±^«=r- >a»144r««f^*v>"C r h oMr a c 1 H 

[0 0 3 4] 

7" U T*fcfls*> , ^cv>-C h n > t>TftlLT6 S Tg&53-£llfc* Lfc (N o b e 
s and H a 1 U 1 9 9 5) o ho > tr>-£p -75 y**>XT 5 v>>- 

o A (r h o) , V a 1 (V14rho) fcSMtSJLfcffiH 1 4 TG 1 y Sr&'O 
*iilWKf&t*fcI!<0 r h o A. KMfcM racl(rac).Val (V12ra 
c) K*ttS*Lfcfii 12CGI y *<bo«jta«>Ki&teaa«> r a c 1 > A s n 
(N 1 7 r a c ) tcSett? tlfztfLW. 1 7 K. t hrHorac 1 oflH^tf-y -f 
^JB, m$iM<D cdc42 (c d c 4 2) . V a 1 (V12cdc42) USSte 
? tltztiLW. 1 2l:G I ySrtocdc 4 2 *>fi*Jifl9fcratta, A s n (N 1 7 c 
d c 4 2 ) K36t*3 *LfcffiH 17CThr* 1 l)Ocdc42 €>ff&* -f ^ 
S3> XO'C. #y ') * X (C 3 ) frhOC 3^*o r h o Jl^V 1 4 r h o * 
Z"1*HE. a -CfcSg1S*:Jf-r^:«)i* P h e^t2 5TA s n<0tft* 

[0 0 3 5] 

n^i/^-H i s«»i35»c?B*Lfcin< HlEStL* (G o s h i m a flu 1 
9 9 5). 5^«J>-7^^->g Xi^JB^feMESft. f LT2%*^f;v^ 



(17) 00 1 -5 1 5 0 1 8 

ij =r-> Kfc j: oTJStB £S47fKJ: o Tift i##J<7) g =r - 

>a v^^^-e-r^. h Ziltz (IgarashiflU 1992) » 
[0 0 3 6] 

«Lfc-a.-n>Jg^i$fcfcffi*3itTv>;& (S t r i t tma t t eri, 1 
9 9 4 a :Goshimai, 1 9 9 5) , I^$$^t£Ko^-C> - a - d > }S 5 
mg/ml rhot/^r^'J-J'V/^XIiO. lmg/ml C 3 h 9 > 
77x9— 25mMWf l J^-HCl, 1 5 OmMWN a C 1 > 5m 
M^MgC 1j> 1 mM<DD TT<7)p H 7 . 5 l-Jf^ L> 3feV>-C¥Jl' V > P 2 

0 0 fcf^v> h^SffiSr^hLT 5 0 EliiiiS-frfc (S t r i t tma t t e r|, 1 
9 9 4 a ; Gosh imat, 1 9 9 5), a-- n > £ 10 0 ///m 

1 aKV — L — V v>S?>*2 0 // /m 1 9 ? ^TSSttttK^tt«Lfc^9.X^iii 
±l:iO%FBSSO f 5 0n g/m 1 7 S-NGFCJ:ot2 5^ScDF 1 2 
*KJg*Lfco LPAi:J:J^ii:o^r, S -a. - n > Srjfiirf 
4v^«« (l%8glffiS^i^^BSAStF5 0 ng/ml 7S-NGF) 

[ 0 0 3 7] 

1. 5~2B#W^*L, ft* ^t*3&*J***5tK;(fll *.*:«> 

-5/ a >(*)££>&* 2-3 0#H?£K4fflJ3&£@5EL, - a. - a > \z<z> &±Wm2Z& 
£75-15 0*fflfl&^ov>TiIU5eL^ (S t r i t t m a t t e r 1994 
a; G o s h i mafll, 1995) o Z^^^y h^t^ov>t^g =1 - > 
^^■/^^fefiifffl^ieic? tL* (PaperS^Kapfhamtner, 19 
90 ; S t r i t tma t t e ri, 1 9 9 4 a ; Go s h imats 199 
5) , S#«i:ov>t, ^a.-n>£2 0 ~3 Ofl-Wf^ Mfc^Kfl&bD-*-* 

fee 

ifeMM^o ffpJUL^-f-y^ E 7 DGR-a-a>^2 4P$Hfli£^L> 
3 0 55-H PBS +-C7^7!^iP4%^7*Ji'A7;V7'i: K, 2 0 an-* 



(18) 1f^2 0 0 1 -5 1 50 1 8 

-CS5eL^ 0 h r a c 1 £3C«-T& 4 g/m 1 Jft- r a c 

lv^^t/? n ~ ^ ;V#t<(jMM >3f a.^- h Lrt: (Upstate Biot 
echnology)o $>2>m&Ki±, r a c 1 * W*^<9 1 m g/m 1 

*-X 5f-f ->^^;w**>'r--fe*M&O t vT 5- y ^V^-^V^H (Gosh 
i m a#> 1 9 9 5) CiotT^v-^fvaM** (V e c t o r L 
aboratories) T^mL^o & 1 iSvftY§i£K Z> (mg/m 1 

^mmtmm k. x o T^m l*# *:<, 

[0 0 3 8] 

[IS*] 

[D77 , ->>-lftfflfcLP AW hn> >ftm t <7?Jt«2] 

¥>ftmKtt-f2>*;n.h<7>ttmiz}£m.^fz Q 3.*z/^mm*i — vm^MK t 5 

9 2 6 li, L P Af^i*-^-^-* Mfcijig£lfiiliL, ^LTi /itRSRIt^^Bf- 
t LTMx.37yvV- 1 (D$tt*&Tm£Z> (13 1 A) 0 #&<7>ffe<0#J 

cfs^jT p At±, aci o nMi *) i&^mm^Mnmmm^mm 

[0 0 3 9] 

L P A&tf h n y \£ ><7>1tm\t, 'Nfn h «J -?-14GS6&-*S-^i-&$#teK 
J: t)#^h£*i* (Jalinkt, 1 9 9 4), M^.37^>>- lf^ffl** 
£*: h 'J ^-1$Ggaf&f£'ffc£^t^£*d ^£#3£L*r 0 SBKtf (PTX) 
fi> Go/i? 5^©Afn h 'j7-ttG!S(?)t7a-7 h^ADP-'J #5/ 
MfcL. ^L-C5:##tcj: ti felt* m±-f 2> * Jffl^rJgMattl^l (3? 
-f^>- 1 £-£-trBME) K<fc&fi£«Rfit#W±> PTXCJ:t)7"o»^?n4 
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* ! (Igarashi^ 1992). L^LdtUi. GS&<D^r<D^m^ 9 tr 

L£ P T X (DMW&Um&'&'m- i & (Kind tS^'L a n d e r „ 199 

5) o PTX<7)ff|$tl^t'J =T-7-B77^->h >f±. Mffi,mWtg& h' * J > 

v> (0 1 B) o #oT. jfeftlPTXCiia?^'/- 1 tfcb*>flfcTtt, =»9 
^Vf^ffl^fD h 'J^-1£G^6£#t?£ t £^cB&U LPARtfhovif 

[0 0 4 0] 

»LjtJia**itaS»i^ ^L«l$*i^:-a-n>K J: V) (triturati 

*LTJ5£ftP305&»* 2 - 5 R#MmiS0L*: (02) „ ^T<*>*H*S*Lfc«e 
ti> 9 5 %JSUbottJ£*^rLfc (12 2 A) 0 W^f 4^Mt, A»;7r-t:i 
«J»«!?*Lfc-J.-D>»±, »#$*L*^o^:«BJI&t OlZjgiJS *L&v> 0 j|a*lft^. 

1B#L r h o»te*gfeS£i-*«a-T«U C3 f5>X7x7-^« 

3M&Jfc**3feSSL*:o -3.-9>f MfcSRtt, C 3 h ? > 7,7 ~ AfWM* 2 
KL (G9 2D) > -£ L T T Oj£ It P9f£<i. ^fWU?^ 'J^y^A 

(I3 2B> C) o Ctl^OT'-^fi, iJftW^^ftTTIi r h o 
Offi**??*-:^ vjifi&te-ftS *i*r ?~?&i> b<DvSmVktf*k~f i> 0 rac IS 

(B2B, C) *LT*mtofc#Sfc&L&<HETLjfc-.3.- 9 -f 
d'Gl^^miRj^^ti-^ (El 2 D) o Ztl£><7>m^V 1 2 r a c 37^ 

->>- 1 0>ttmK&k<ux^2>* m cmm-w c d c 4 2 sen, Ba^nat^** 
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[0 0 4 1 ] 

[rhot^7r5 'J-S6$'ttrDRG-j.-nvi;^(t4377'y> - 1 ffi 
K] 

3 0W3 ^ l ^OBRStt. 1 5 7 0 %^««L7ttfeS 

RS£*>%£if;tin£-£4 (H2B, C) . ¥«««»2 - 5 UH^Hi't'Oa 9 ^ 
lOMtt, 5 0%3£^mfi£:KO*IjK>HS:T$-£& (HI 2D) o fifcSRfi 

(12 2 B - D) o WJIRflSM, fl*J*»fc«14* V 1 2 r a cMXW^S r a c 
9SM(om.mit. 39^^- 1 K.«-LT**tM»CiE#JflfiS«t4r*-r 0 c d c 4 2 

»*fiXCTiS14-fl:ai*Lfc r h o li, 3i 1 f^ffl*5fcSEL*^ofc 0 Lj*» 

n>fi % a?^'/- 1 OK#f^ffl*-*(B;01l55&1S**-r* (IS 2D) o C3ft 

J: LTv>* (132 B, C) o 

[0 0 4 2] 

[DRG-a-PVKfelt4 r a c lflsfflo4*«] 
«t**2r-r^ l 7 r a c *H**>flsJini, »#+#«E-r* r a c 
IC-ESffL, lmL*fci)ClingJ:i)^it«)56i s , 39^>-l»» 
^SP3fi^^<7)5 0%«fc «9:*Sv>ffl#*&j£-*-*S>fc5*3*L* (IS 3 A) o 1*1 
Httr ac 1»»KIWT*N 1 7 r a cftUHOflrJItttfu «te**r^-f 7N17 
c d c 4 2<D^i&te»cJ: »J*lfc3*t* (B2B, D) 0 Sfcfc, «lftfl*ltfStt* 
V 1 4 r h oXfiV 1 2 c d c 4 2"Ctt*V^ «j*fl«UC«Mt*V 1 2 r a c 
ftftli. 397*>'V- lMttJEPHMHtoN 1 7 r a c E**»fl-l»fcaMR-*- 
4 (123 B) o 
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[0 0 4 3] 

m®L*Jf-T 4 -7N 1 7 r a c Ciift^ft, D R G BgfiR^^t* B^i"* 3 9 

^^y- i mm%LBmB.&, 1 soy r ? ?--?fcK->y h-tz> (ecso. 6 

0 pM- 2 nM, 12 3 C) 0 N17rac ffi&Mm^ffc&PlMmmm^ fc LT© 
1 <7>»#-*-*jIH/»flsflni, ftftft^J: *) »J*3*i*»^^fc r a c 
liftVFKJ: «9, Xtt*r a c l MjAHRfltlHtfKKfllK <fc 1. 

^<7)-^** % JhfB<75 «fc -5 K> m&u&)Kmfe%:V 1 2 r a c U J:4»#»i, fifcg 

pim<D2 o%<r>ffim*mm-rz> 02 b) 0 3?^>- l lfii^J^fc:gn3£j«^#i^- 
flC-r*J ; 8S:M;|a^$§Ui, 1tfifci&Ki£'l'4&V 1 2 r a c K J: * 2 ^ 7 r 9 9 
--eSCy7hn (EC 5 0, 60pM-30pM. 1H3C) o 
[0 0 4 4] 

4 L r a c 1 i 5 3 7 > — lfMgP)i*i<Oflatt*yiV-^t*5 
*frttJftfiFq«fc##L&»t*i»** r ac l^W^fe 

[0 0 4 5] 

#S^i(fflJM«l&**trlltA»l»««eil&K:*^T r h o *4*««>»c A D P - V 
#->*ftt4C 3i^v8*©1!6*|j;, -r-e^iClE? tLTv** (J a 1 ink 

1 9 94) o DRG--3--n>lc£itt&C3 V *7 >xyx.y-~if<Dttm\*, 
W^t:#ttSC 3 ^*Vg^<^5-*K'0tfFU & 1 g/mLt(>DR G 
fifcgpqSlcD 5 0 %W±£«4#i$-£& (El 4 A) o MWCjStt^V 1 4 r h o 
fi, 3£^lft*n«|l«i«X»ilS^Jifcft*efeSEL4v>*< (02B, D) x i<0®£ 

C) o «*jfcfi9fc*&19:>5r V 1 2 r a c XfiV 1 2 c d c 4 2 <7) -ft *L <b , C 3 h 9 > 

7,y ^7-^<D{^m^mm.^£^ 0 —mz lt, .1*1^07*- drg-^ 

-n>^«t, r h o C 3 h 9 > * y * 9 - •*? <D#»t3i*3t 
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[0 0 4 6] 

[«te*2TT->f /racllirh o^«tfrfkOf1Ufl*il£Hf L*v>] 

C 3 h 7^^7x7-f|:U r h o mW<Vftm 2>frt? 7 
X.£>*L7t 0 C 3 F7>X7i7-)fSe 17rac)S ! t & ^Jt&SJb $ tL& £ 
DRG-a-7'f M±C 3 - .3. - ^ --f h JiflJl-ri/** (12 5) o ^<Dtztb, r 
h o «fc - jl - 9 -Y J-J£35<f>^> ? .a. V-->a r a c 1 K «fc *)^t lt# 

fc, SiJo^c^-omji&OV'XIi r ac 1 wM©T«^fflt4/i%% 
[0 0 4 7] 

[U'J ^cDES^tfflf* r ho7r?';-^ >v*-fc: J: 15 tLfcv] 
CNS v^S-li, 9^ hW^lc^-r-S.ffi.^^^^W^^rL^L 

* (Bandt 1 o w 1993) 0 CNS5i'J > Jfiffi^^cO^S^cOfiE;* 
P3SU»J#Hi, N 1 7 r a c K «fc**&#K«fc >)3fcl£$*L£v> (06 A. B) o i *l 
ti> ^BI^C J: >9fiJffl?tt*C a* 2 i ^#ME& (B a n d t 1 o w 

£>> 1 9 9 3) ^7 > - 1 K «fc 19 mm 3 *L*> r a c 1 ^K#iK»*^ EJM 

?x'J >^MLT^S^14-C*^» (I2 6A> B) o 'J V * * 7 T * V > Wi (LP 
A) it, DRGfoMPim<7>sh2^7??zs a ><Dffim&mm-r2> (@6 C) o £ 

<r>7??z/3>n, ni 7 r acta^iEJtif, l p Ammmmi* ^ 9 -f s s 

[0 0 4 8] 

[ttffc] 

[r a c l Mtn 9 ifj;ffl£#4H-£3 

Cl^ST^S ^^.^T r - ?<OV* < fr<D 9 -f >Ji> rac lliDRG-a-o>(: 
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TN 1 7 r a c (7>&mi*. ^*7~f s s>-\ K£2>l&-BkP)m.mm&%3F : %-&K®.m 

2>o Hfe<7> r hot^7r5 y - ^ ^ft^coffcfflSr^L&W ISRi 

r a c l o^fiRSli, 3 7^-»- l ->^^-;K7>t£t!lt— jHc-T^o 1f bEi^k^ 
1 2 r a c li, 3?^>- 1 f^ffl tfi^l^tv^. /!?4;^^^V 
Hracflffltt, (1) a?^-»- l»«J««K*lt4*r a c 
<7>^#. (2) *&&m<0#mm. Xit (3) Wt3-5^H4>i:4f4JKif^ 
K£2>tl& 0 o 3 7 ^>- 1 f£JEl±N 17raci:i») ffi«S tt&75 J . IU 
C»^«J^'fb«:^-rS'ftfe^*fflfla31.®a<7)f^ffl{i> N 1 7 r a c Ki&i&^ic J: 
t9i£®f£*t;& 0 £*Ui, racl^yyyv - 1 tfsfl! IT 
CNS5xij ><7>fi!c#KJ: i9^#$tLSC a "ft^gfqiWiro^^ 

[0 0 4 9] 

[r h o li^*-9-f M&^J*ft*W»i-a^ 35^>- 1 K«fc 

C 3 !-9>.X"7^^--tf&-=fc£ r h o^Itli, ^cDR G-a-D>#| 
*5fcSE-Tio £*Ui, M*#T"CD R GBfcJEnSfKoP** r h 

tt><Vi&&5-m<DC 3 K«£ D»I3ftfcDR6ia-avpli, «j*W»cmi±*V 

i 4 r h o ti> jfftftn«<z>ja;a«*) * Lt-a- 5^ kz>3&3M*j£*s 

i^fflfi, r hoffiffl^r ac lfSTO^37y-/> - l^W^ESIt^o r 
holirac l^^vv- l fc JiMfciflsffi** < <fc ^-C****. fi£SP3 
««Sa83tU r ail&1ft»i, i^iDr hoXtfr a c ISSi5«rSBili-e§«»o r h oiSmt 
14 3 T 3mmPfflJfa\i~33VZ> r a c lffittft?)Tlt*?)* s (N o b e sS^H 
al 1 , 1 9 9 5) , CitWiDR GfiE«n»tcfctt&C: tfli^^'J: -5 KJ&toti 
So r h o it, 397*'»- l^ffiOi^^f-f x-^f^SJ: -? tcjf,*>iuflr v> 



(24) <&3k2 0 0 1 -5 1 50 1 8 

^rftit, L P ATkV h v > \z > i:oi>T^i^$ ttTv^ «£ -9 t", flfe^DRG 
^SRfiHli!^Jtc|||-r* l^-e*^ ^ (J a 1 ink?), 1 9 9 4) , 5 * V > 
««*?---IfHl*#JKT 5 9 2 6 (i, rhoCU 5 'J 
IBSSS^ft&tf*^* 9 (K i mu r a <b> 1996) o *?t4itC*v»T, CI 

- 1 i!*fiT3^4o 
[0 0 5 0] 

[ r h o / r a c 1 mmttD R Gj**P3«ta»14<o = oo^3i fcfflMlft] 
* (0 7) o *J8*#TT, jaftP3*f±i£**'9*LT^«lflFoa[ft-r5»tfo 3v 

it, r a c lfl&tt-fkHJ: *U ^LTStt^* - f ^ 7N17rac <£»*jq3E 

Ci vj^Frf-fk? tL&o *N!R«jfc, C 3 h 9 7 ^ 9 --if i & r h oWkt^m. 

[ 0 0 5 1 ] 

[ r a c 1 flMfrffcoflM* IdblSS, g K, C RMP] 

r ac 1 &mamx?7i'>- l Ki l?fe^b?*t4^«b*P4 v L*^«l«f±, ^ 

f±. ^T->* ^ KXtftHdFfc LTracl <Z>±3K-eflJflI (Bog 

u s k i ^CfM cCormick, 1993) , - a. - cr Vfig^RglK jsit & 

ac 1 k&tetl, ^m-fc+v^y^l — -b\ ^^nhij-7>-14G 

»eo*'fc«J&8:«MU £Jfe<&8f*fifc J: *)£j*3*LTv»* (St r i t tma t 
t e r 1 9 9 0 ; 1 9 9 3 ; 1 9 9 4 b ; 1 9 9 5) , £ K £ *t & jf 
-*fi. AfD(-'j-?-ttGSa (13 IB) 9 -f'y^'y y±)H£K&* Hi 
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Lti/is, — a- n >^m&<r>mnk^\y r?'j-c rm p 

coffico^ fc^-titfcofflSftsfflJdU (G 0 s h i ma 

£>> 1 9 9 5 ; Wa n gS^S t r i t t m a t t e r , 1 9 9 6 ) o #iJ3&l*l iJ 

[0 0 5 2] 

[DRG^a-DV+Or ac lX7x^?-] 
r a c l li, a. - n >1&*U|&o T ^ > K&o* < «H&*»«:#aMjfcT § . 
■fLT#&0«e*-?--4f*fiHft'fl:-C*4 (NobesMHal U 199 
5 ; Ha 1 1 , 1 9 9 4;Cosco^ 1995;Minden^>. 199 

5) o «BJ3&<^^^*^* 39^V- lflftlEferfcli. IffflJx. P A 

K K J: V) £ & (Manser^, 1 9 9 4) . raclKl Zfefeltfe, 

[0 0 5 3] 

^Jfi^J 2 

±ie<7>J: ? C. b o t u 1 in umtf^?>C 3 ^^rVW-'Ml*. r h o 

1^RR«»tti4«)HSis^*> >r <d 9 9 .xo g ®£ tisc ^o-ctii:* 
T^W3tLTv»4 0 #S33s«ia&li«IJI&HiJV»T, »J v*^7 r GP 
CR*mxmmy5:-2--7-4 h$S.ffi*mm-t2> (Ja l i nk?>, 1994) » 
C. b 0 t u 1 i n u mfrh&C 3 -x.* V»3fcl:JU L P A CDfEffl £i£»f "T^ CI t 
*«i3*3*L, r h omfelktf^*lh<nffl%&<V-sL- ?4 h«0g?OL A PW«S*# 
£ <h SrJg^-TS (Jal inkt), 1994) 0 *#31^*fflJ3&/B*fflfl&4 3 ^<7> 

r h 0 ?T ^ «;-sfi*>&AMu 5tBBfc, wu&wmvT&f&j&vmm^&mk&m. 

*&&-t2> (Ko zma<b. 1 9 9 7) , —=l-H h3&&1itM<Dm%DK &lf 
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a-n>i^o«|f JSSftT^Sjct* (L u o 1994) o 'WHP u r k i n 
j i efflfcK&ifzm&MKWin* r ac 1 «r^i"^ -7 ^ 7. fi, Wtfc^B&ilK 
jSJt&efc^Sr^i- (Luofi, 1 9 9 6) , 
j&^&x. r h o. r a c lSt^c dc4 2l6li, £ *t,T*ifc?!l 1 OKt4 

3 7^5/>-l 'J >D/ I I I) ^oWSRojC^FiW^fco «JSRWM 

f&tt*r ac i \±mmLtn&&p)me>m&**8*:2it, fu«tt^#f^r 

:/->>lfi#£i£»rr&o ttte**r-y>r -7*r a c 1 J: "9 MSI? *tfc D R G - ^ - 
^L^^o mn<t^n.fzv h o ^m-hWit^^mi-^^^K botul inum 
[0 0 5 4] 

f-co3&^?£j£;g{i, r h olfi#mi 5 0%O^> M=r-;H^;Wc 
CNS5X-J >Jflffi!&ti=r > h n-;w^a.-n ^^t>f|^m^«S: 5 0 

^tf&m i <Digm<Dm9i-ei*. muztitzm&n, m&#>*^&i-z 

h otADPV#5/W- h L^v^ 0 MSrfx^-T & fc* fc, C 3$fi*Mt4 

M^tmm^m^Ltzm^ (E G F P> Clontech) tHCC3 *?km 
■TZ>o £*l£><0^ *-t±, 2iSM (HSV, Carlezonk, 1997) 
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^<=> 2 n M (7fy >Choi-Lumbdbergp5> 1997), ^T#^f^ 
UK — *- a ^^Mo^Jfi^^lfcSi*: Tf/^-f^li, El 

S^E 3 &»V2fe»K %flbl*m.MJtm-?$>2> (He 1 9 9 8) o ^)\s<*X 

4 )vx<Dmm&n, t>-?v =» u c 3&^e gf p@£?!H±h s v 

-S>«BJ!&^ ft* (Neve^, 1997)o 
[0 0 5 5] 

(B8 iMass i efe, 1 9 9 5) , U*k<D *y r 9 H 

EK 2 9 3«M&*HC 1 a I --SOSfE 1/E 3^.a^^ ;i/*1SiD N A<V&m t * 

htf&feK F5>^7i^ h S fix, mM7ftl<Dt> <f frXfrhi£k>*lX^& E 1 
«&£**S&3R"J-*rt:«>> i tt £ <JD<B|&TJf*BT § & o V 4 X h V 9 {±> 2 

[0 0 5 6] 

iti^co^^v^xh^^li, COS - 7W*fflJ3&^^^i-^>O^^Jffl ^ttr'co 
*l* «fc 9 fc, GFPv-*-5S*»at6o r a c 1 &&7v 

y hfrtifK «t t)iz.mztitz (i9) o C3x^yg|^aii, ^.xssiteffl 

FHfc (H10) , C 3 3§?tC 0 S*fflJI&{±> 3>bn-^J*tKlP,tl45^ 
[ 0 0 5 7] 

aV-fn^)i:fffl?iito 10-10 0^MOI (^^mjg) ^ -r ju* 



(28) nm2 0 0 1-5 1 50 1 8 

fi, GFPv-*-$e^St4 (12 1 1) o C3i*Vg^a-)>f^K 

UO'CNS^i'JVt^t-C-^i (Ell 1) o 
[0 0 5 8] 

■v- # - £5^1" & (Ell 2) o 
[ 0 0 5 9] 

C 3 V <i Jg*^^^>il^-a.-n EGFP^) 

mmm&m.z-$-f, ^^-u>^ s e r nDS^cNs ^^m^m^-t 

i)^ 'Pt£ < bi> 3Mm E G F Pv-#-£l&m3-£*> ^ «hJi^^^-e** 0 ^-fft 
«]©f^-C{i> Ni s s 1 *Sr£>JSS£p°aT{±, ^ -r ;vx j£A K# ? iE*«Bfl&?>*l4fi 

[ 0 0 6 0] 
[0 0 6 1 ] 
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